Research on transport mechanism model in porous fabrics by Li, F et al.
? 43?? 1?
2 0 03? 1?
大 连 理 工 大 学 学 报
Journal of Dalian University of Technology
Vol. 43,No. 1
Jan. 2 0 0 3
????: 1000-8608( 2003) 01-0028-05
????: 2001-12-10;　????: 2002-12-25.
????: ???????????? ( 10072014) ; ??????????????????? ( 2000014107) .
????: ??? ( 1975-) , ? , ??? ; ??? ( 1944-) , ? , ?? , ????? .
? ? ? ?? ? ? ? ? ? ? ?
李 凤志 1 ,　刘 迎曦 1 ,　罗 钟铉 2 ,　李 　毅 3
( 1.大连理工大学 工程力学系 , 辽宁 大连　 116024;
2.大连理工大学 应用数学系 , 辽宁 大连　 116024;
3.香港理工大学 纺织与制衣学院 , 香港 )
??: 综述了织物的热湿传输机理模型的发展 ,介绍了服装面料的热湿传输过程 ;在此基础
上 ,结合织物的传输特性 ,获得了以大气压力、湿分、温度为参数的三参数织物热湿传输模型 .
与现有的织物热湿传输模型不同 ,该模型从宏观上考虑了纤维的解吸等温特性对织物特性参
数的影响 ,并且考虑到了毛细压力、重力、大气压力、蒸发凝结等作用下的气、液传输 ,以及气
液流动、辐射对温度分布的影响 . 最后给出了一个算例 ,分析了其合理性 .
???: 多孔介质 ; 织物 /解吸等温特性 ; 传热传质
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???? (g a)、??? ( gw )?????????
?? ( w ) ,??????????? pg、????
? x、????? T?? . ??????????
???? ,????????????????
???? ,??????? ,?????????
????? C-R?? [10 ] ,?????????
? . ???? pc? x? T??? ,????
pc = pg - pw = f (x , T ) = -
RTdw
Mw ln Hr ( 1)
??: pg、 pw????????????? , Hr?
?????? . ??????????????
????????????????? ,? x g =
xgw + x ga ,???????????????:
　 pga = dgaT R /Mga , pgw = dgw TR /Mgw ,
　 pg = pga+ pgw ( 2)
??: Mc、dc?????c(??????? )??




??????????? . ?? Darcy??:
vc = -
KK rc
_c (gradpc - dcg) ( 3)
??: vc?c(???? )?????????? ,
K??????? ,K rc、_c? c???????













= - vgw ( 4)
??: Deff??????? ,M = Mga + (Mgw -
Mga ) pgw /pg .
3. 2. 1　干空气质量守恒方程　






= 0 ( 5)
??: dsx ga= X( 1 - S)dga ,?? S???????
?????? ,ds???????? ,
dsx ga = X( 1 - S )dga = - dsx + Xdwdw - dgw dga ( 6)
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3. 2. 2　蒸气 -液体水质量守恒方程 　
  f(ds x ) + div - dgw
KK rg
_ g grad pg +
div - dw KK rw_ w ( grad pg - grad pc - dwg ) +





= 0 ( 7)




dCp T t + - Cpwdw KK
rw
_ w ( grad pg - grad pc -
dwg ) - Cp gdgw KK rg_ g grad pg  gradT -
Δhvap   f(dsx w ) + div - dw KK r w_ w ( grad pg -
　
　grad pc - dwg ) +
 FR X -  FL X +
div ( - λeffgrad T ) = 0 ( 8)
??
dsx w = XSdw = (ds x - Xdgw ) / (dw - dg w )  dw
( 9)
 FR / X = - UFR+ UeT4 ( 10)
 FL / X = UFL - UeT 4 ( 11)
??: FR、 FL???????????????
?? ,U????? ,e??????? ;????
? X?????????? Y??? ,?? Y?
????????? .
3. 2. 4　初始条件










?Γg?: pg = p g ;
?Γx ?: x = x ;
?ΓT?: T = T 
( 13)
3. 2. 6　定流边界条件　
?Γqg?: (dgavg - dgvgw )  n = qga
? Γqx?: (dgwvg + dwvw + dgvgw )  n = Z(dgw -
dgw∞ ) + qgw + qw ( 14)
?ΓqT?: - (dwvwΔhvap+ λeffgrad T )  n= T( T -
T∞ ) + qT
????: FR|x= l = eU1 ( T4 - T4∞ )
FL|x= 0 = - eU2 ( T4 - T4∞ )
??: n????????????? ; T∞、dgw∞




?? 1,? 1. 01× 105 Pa? ,??? 5 mm×
100 mm??? . ????????? 293. 15 K,
?????? . ????: ?????? 313. 15
K,???????? ,???? 0. 025 kg /m3 ,?
????????? ,????????、?? .
???? ,???????????? . ???
?????????? ,??????????
????? 2?? . ???? 31～ 36? 1-1??
??????? , ?? 4、 28、 46、 64??? 2-2?




Fig . 1　 Fabric and initia l and boundar y conditions
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( a ) 1-1?????? ( b) 1-1???????
图 2　界面温度及湿度分布
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Research on transport mechanism model in porous fabrics
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2.Dept . of Appl . Math . , Dalian Univ . of Technol . , Dalian 116024, China ;
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Abstract: This article rev iew s the development o f models for heat and mass t ransfer in porous
fabrics. A model fo r heat and mass t ransfer in fabrics is educed. The mathematical model consists of
balance equa tions of mass and energ y and of the appropriate consti tutiv e equations. The cho sen
macro scopic field va riables are g as pressure, humidi ty and temperature. The gas phase is considered
to be an ideal ga s composed of dry air and vapour, which are reg arded as tw o miscible species. The
evaporation-condensation, conduction, convection, and radiativ e heat t ransfer are considered in this
model. It takes into account the heat and mass t ransfer process in porous fabrics, the deso rption
isotherm proper ties and Kelvin′s equa tion are combined. The model makes fur ther use of the
deso rption isotherm properties tog ether wi th the capillary pressure relationship. Finally , the
numerical ex ample is investiga ted, and the results show that the model is feasible.
Key words: po rous media; fabrics /deso rption iso therm; heat and mass transfer
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